Background: Excess intake of sugar sweetened beverages (SSBs) has been shown to result in weight gain. To address the growing epidemic of obesity, one option is to combine programmes that target individual behaviour change with a fiscal policy such as excise tax on SSBs. This study evaluates the literature on SSB taxes or price increases, and their potential impact on consumption levels, obesity, overweight and body mass index (BMI). The possibility of switching to alternative drinks is also considered. Methods: The following databases were used: Pubmed/Medline, The Cochrane Database of Systematic Reviews, Google Scholar, Econlit, National Bureau of Economics Research (NBER), Research Papers in Economics (RePEc). Articles published between January 2000 and January 2013, which reported changes in diet or BMI, overweight and/or obesity due to a tax on, or price change of, SSBs were included.
Background
Obesity is a global epidemic and is a major risk factor for the growing burden of non-communicable diseases (NCDs) including heart diseases, diabetes and some cancers [1, 2] . Although previously considered a problem of high income countries (HICs), NCDs are now having a major impact on the economy of low and middle income countries (LMICs) [3] . In the past three decades there have been considerable changes in lifestyle around the world, helped along by globalisation of the food supply and urbanisation [4] . These changes affect diet and decrease levels of physical activity, thereby increasing body mass index (BMI) [5] . The Global Burden of Disease (GBD) study (2010) shows an increased share of noncommunicable diseases in adults over the period from 1990 to 2010, both globally and in each region [6] . Dietary risk factors (including low intake of fruits, vegetables, whole grains, nuts and seeds, and omega-3 fatty acids) and physical inactivity are estimated to be responsible for ten percent of the global health loss, expressed as disability-adjusted life years [6] .
Middle income countries, in particular, face many challenges given far-reaching epidemiological and demographic transitions underway [7, 8] . For example, South Africa reported the highest prevalence of people classified as overweight or obese (29% of men and 56% of women) of all countries in Africa [9] . Data from the National Burden of Disease Study in South Africa show that NCDs were responsible for 28% of the disease burden in 2004, which is similar in magnitude to the HIV/AIDS burden [10] .
Worldwide, despite lifestyle change programmes to prevent obesity, this epidemic is growing. Interest is mounting in developing combined approaches to address individual behaviour change together with population-oriented fiscal policies such as tax and subsidies to encourage healthier food consumption patterns. For example, in Hungary, a "fat tax" is part of a fiscal policy to address the obesity epidemic [11] . Several states in the USA have also introduced an excise tax on sugar sweetened beverages (SSBs), the original intention being to raise revenue, but this is now considered as anti-obesity policy [12] . While many studies to date come from HICs, there is limited information in the published literature regarding legislative and fiscal changes policy in LMICs.
Various categories of food products have been recommended for policy action to improve health. These include processed food (high in salt, sugar and fat), high energy density food (energy density refers to the amount of energy in a given weight of food in kcal/g or kJ/g) [13] , fast food, food containing saturated fat, junk food and soft drinks [14] . In South Africa, legislation has now been passed to regulate salt in processed food [15, 16] . With respect to obesity, an effective starting point to diminish unhealthy food consumption might be through taxing of SSBs [17] . The application of an excise tax on these products is an attractive option because, while SSBs are a significant contributors to the energy intake in many populations (for example, they account for about 7% of all calories consumed in the US [18] ; whereas for US children and adolescents this is 11% [19] ) they provide little or no nutritional value [20] [21] [22] [23] . Further, SSBs are marketed aggressively [24] and are easily accessible to all age groups through vending machines, restaurants, schools, cafeterias and shops, as well as at home [25, 26] . A recent review concludes that "the cumulative evidence from observational studies and experimental trials is sufficient to conclude that regular consumption of SSBs causes excess weight gain" [19] .
The link between intake of SSBs and obesity-related health outcomes is well established [27] [28] [29] , as is the link between the intake of SSBs and conditions such as osteoporosis [30] and dental caries [28] . From an early age this poses a risk of low nutrient intake because children tend to substitute SSBs for healthier drinks [28, 31] . A range of clinical trials and cohort studies provide evidence for a causal association between the intake of SSBs and obesity [32] . It is possible that a subgroup of individuals with a greater genetic predisposition may be more susceptible to obesity induced by SSBs [29] .
Interventions outside the health care system can have a significant impact on a nation's health, as recognised in WHO's 'health-in-all-policies' framework [33] . Small changes in diet for many individuals can translate into large population health gains at relatively low cost [34] and government finance departments in particular can improve population health by establishing incentives and disincentives to drive change throughout the food system, including consumer purchases [35] . If government departments that do not have health as their primary responsibility are to consider health-promoting interventions, evidence on the effectiveness of those options is needed [36] .
This review evaluates the published evidence for SSB taxes or price increases, and their potential impact on consumption levels and effects on obesity, overweight and BMI. The possibility of switching to alternative drinks is also considered. Two previous studies have reported pooled estimates of price elasticities in the consumption of SSBs, but both were restricted to data from the US [37, 38] . The present study will also include non-US studies, and so contribute to the evidence base on the contribution that SSB taxation can make to improving diets and health around the world.
Methods
A systematic literature review was conducted, including original research articles, working papers, and editorials related to SSBs. Articles published between January 2000 and January 2013 were selected.
Many terms are used to describe SSBs. These include soft drinks, sugary drinks, non-alcoholic drinks, soda, sweet drinks, beverage, fruit drinks, sport drinks, cold drinks and carbonated SSBs. Other beverages including full cream milk, low-fat milk, skim milk, water, tea and coffee were excluded. These drinks may contain some nutritional value and none of them contain sugar added prior to packaging, so their relationship with obesity is not as direct it is for SSBs.
The inclusion criteria were articles in English from any country, with original evidence on the quantitative impact of SSB price changes on the consumption of SSBs, consumption of other drinks, or weight loss, obesity or BMI. For the meta-analysis, we excluded articles that did not report standard error or confidence interval on the own-price elasticity and/or cross-price elasticity. Articles that did not clearly define the type of SSBs were also excluded. Figure 1 shows the literature search according to the following key words and databases:
Key words searched were: "nutrition AND policy AND tax", "legislation AND obesity", "tax food", "elasticity of demand", "policy AND "soft drink"", "policy AND "fast food"", "food AND prices", "elasticity AND nutrition", and "fat tax".
Databases used were: Pubmed/Medline, The Cochrane database of systematic reviews, Google Scholar, EconLit (AEA), National Bureau of Economics Research (NBER), and Research Papers in Economics (RePEc).
The first author carried out the search, applied the inclusion criteria and extracted the data, in frequent consultation with a second researcher (JLV). We used an MS Excel-based data extraction form that was piloted on a subset of the data and subsequently revised. The following quantitative results were extracted: own-price elasticity (percentage change in quantity demanded and standard error), cross price elasticity (percentage change in quantity demanded and standard error) (see Table 1 definitions) [39, 40] , or impact on obesity (percentage points and standard error), overweight (percentage points and standard error) or BMI (kg/m2 and standard error), due to a tax or price change on SSBs. If the data was presented in other metrics values, this was changed to the metrics value of interest using the BMI and cross-price elasticity formula. If the articles lacked certain data or if the analyses were unclear, the authors were contacted for additional information or clarification.
Meta-XL, a tool for meta-analysis in Microsoft Excel, was used to synthesize results for own-and cross-price To estimate the impact of taxes on specific foods, it is important to know just how responsive quantity demanded is to change in price. "Own-price elasticity" is an index that expresses this responsiveness. It is the ratio of the percentage change in quantity demanded to the percentage change in price. This should be negative, because the demand for certain products normally decreases as its price increases.
If the own-price elasticity is greater than the absolute value of 1, the demand is called 'elastic'. If it is less than 1, demand is inelastic [39, 40] .
A related concept is'cross-price elasticity', which measures the change in the quantity demanded of one good in response to a change in the price of another good. It can be either positive or negative. Positive cross-price elasticity indicates that an increase in the price of X causes the demand for Y to rise. This implies that the goods are substitutes. A negative cross-price elasticity indicates that an increase in the price of X causes a decrease in the demand for Y, which implies that the goods are complements [39, 40] Results Figure 1 shows the results of the literature search. First, of 95 articles related to SSBs, 43 were excluded as the title or abstract indicated that the article was not related to fiscal or legislative policies. Second, out of the 52 full text articles reviewed, 20 were excluded because they only commented on SSBs (without mention of any policy) or discussed taxes in general (not directly related with SSBs).
Of the remaining 32 articles, 15 presented quantitative data and the remaining 17 reported qualitative data ( Figure 1 ). Three further articles were excluded on the basis of missing data (did not report standard error and the definition of SSBs was not clear). These three studies were performed in Germany [41] and two in the USA [42, 43] .
The twelve articles that qualified for our analysis reported own-price elasticity, cross price elasticity, or impact on obesity, overweight or BMI. Nine articles met the criteria for the meta-analysis ( Table 2 ). The remaining three articles reported only the impact of SSB price on BMI, overweight and/or obesity. All primary data consisted of either cross sectional or longitudinal studies. There were no intervention studies. The studies were from four countries: USA, France, Mexico and Brazil. All were published between 2008 and 2013. Table 3 shows ten estimates of own-price elasticity reported in nine of the studies: six from the USA [18, [47] [48] [49] [50] [51] and one each from Mexico [44] , Brazil [46] and France [45] . Of the studies performed in the USA, two used tax data and four price data, while the studies performed in Mexico, Brazil and France used price data. All the results show negative elasticity, which means that an increase in price was associated with a decrease in the demand for SSBs. Of the studies done in middle income countries, the one in Brazil showed an elasticity of −0.85 [46] and the one in Mexico, -1.085 [44] . The results from the metaanalysis show that the pooled elasticity estimate is −1.30 (95% CI: -1.089 --1.509). The funnel plot (Figure 2 ) for the own-price elasticities in the meta-analysis was roughly symmetric, which provides no indication of publication bias. Table 3 also shows cross-price elasticities from the USA [49, 50] and Mexico [44] Generally, the consumption of SSBs was compared with whole milk, fruit juices and diet soft drinks. The demand for these products was affected by SSBs prices. For fruit juices, the metaanalysis shows a cross-price elasticity of 0.388 (95% CI: 0.010 -0.767), for whole milk a cross-price elasticity of 0.129 (95% CI: -0.085 -0.342) and for diet soft drinks the In all the next four cases the authors were contacted by email and could not provide any additional information to explain the missing values needed. To enable inclusion of the studies, we estimated the following values:
1 Own-price elasticity: Consumer prices rose "by more than 3.4% on average" which led to a decrease in market share of 7.5%. Then −7.5/3.4 = −2.206. SE was inferred from Table 1 for definitions). Table 4 shows the impact on BMI, overweight and obesity due to a change in the price of different SSBs. It was not possible to perform a meta-analysis because of differences in interventions, outcomes and populations (e.g. households, individuals -adults, adolescents and children -as well as diverse range of food stores and vending machine outlets). The only available information was from the USA [12, 23, 47, 50, 52] . A range of estimates were reported, showing significant discrepancy between results. Han and Powell [52] show that for a 1% increase in SSB price, the point prevalence for obesity would reduce more in men (−0.34 percentage points) than in women (−0.05) [52] . Smith, et al. [50] found a reduction in the pointprevalence of overweight (−0.045 percentage points) and obesity (−0.03 percentage points) in adults [50] . Finkelstein, et al. [18] presents data at household level, for 20% increase in SSBs price the impact on BMI would be −0.065 kg/m2 [47] . The negative impact on BMI reported by Powell, et al. [23] is for specific taxes: the effect of a grocery soda tax was associated with a BMI increase of 0.012 kg/m2 and a tax on soft drinks sold via vending machines with a 0.011 kg/m2 increase. These effects were not statistically significant [23] . Fletcher, et al. [12] found a low level of impact in BMI (−0.0031 kg/m2) for adults and a nonsignificant impact (−0.015 kg/m2) in children and adolescents [12, 29] .
Discussion
This comprehensive literature review suggests that an increase in price of SSBs is associated with a decrease in consumption; and the higher the price increase, the greater the reduction in consumption. Also, as the price of SSBs rises, the consumption of fruit juices and whole milk tends to increase (although the evidence for the latter trend is not statistically significant), and the consumption of diet drinks decreases. The few available studies suggest that higher prices of SSBs may lead to modest reductions in weight in the population.
The intention of this study was to evaluate the available evidence worldwide. The pooled own-price elasticity was −1.30 (Table 3) . These results are consistent with other meta-analyses including Powell et al. [18, 37] which found an own-price elasticity of −1.21; and Andreyeva, et al. [38] which found an own-price elasticity of −0.79. Both of these studies used only USA data. There was insufficient evidence to undertake a separate meta-analysis for LMICs.
The possible reasons for the own-price elasticity outlier results [45, 48] include that fact that one of the studies used data from France and the consumption patterns may differ from the USA. Context-specific evidence can however be important because different elasticities could be related to income or consumer preferences.
Several states in the USA have already implemented an excise tax on SSBs, but there is no experience from middle income countries where the SSB market is growing. Research from Mexico [44] and Brazil [46] is based Figure 2 Funnel plot of studies with own-price elasticity of SSBs as outcome. Table 4 The impact on obesity, overweight and BMI based in consumption change due to price increase of SSBs on modelling a correlation between prices and consumption and provides useful information for middle income countries, since it can be used to assess the impact of taxes. Claro, et al. [46] presented two different own-price elasticities, for poor (−1.03) and non-poor (−0.63) (urban and rural area), which suggests that in Brazil, the poor are more price-sensitive than the more affluent [46] . The evidence from Brazil and Mexico is consistent with evidence from high income countries. This is important information for policy makers in other middle income countries, who can potentially draw on the pooled data until local evidence becomes available.
A surprising finding of the review was that the consumption of diet drinks may decrease as the price of SSBs increases [54] . Several explanations are possible but evidence is scarce. Andreyeva et al. suggest that bottlers and/or retailers could equalise prices between both types of beverages to counteract the tax [43] [REF]
. People may consume diet soft drinks in the company of people who consume sweetened soft drinks, and if the price of the latter goes up, both might switch to alternative beverages. Media reports on the negative impact of SSBs that accompany new taxes may change cultural norms not only for SSBs but also for diet drinks, in a sort of 'contamination' effect. Replacing SSBs with sugar-free beverages may not completely avoid health problems. Some studies suggest that the risk of developing metabolic syndrome increases by 34% with high consumption of diet soda [55, 56] . In that light, a negative cross-price elasticity would be reassuring. However, although the results of our meta-analysis are statistically significant, the negative cross-price elasticity for diet drinks relies on only three studies, which is not a strong basis for conclusions. Double-blind, randomised clinical trials in children and adolescents find that drinking sugar-free beverages rather than sugar containing beverages has the potential to significantly reduce weight gain and body fat gain [32, 57] . There is good evidence of an association between SSB consumption and obesity. In addition, an increase in price of SSBs would likely reduce consumption [18, 44] . This suggests that taxing SSBs effectively could result in reduced BMI, overweight and obesity among populations. Smith et al. [50] show a decrease in point prevalence for overweight (−0.045) and obesity (−0.03). The authors argue that a minor reduction in caloric intake will change the weight classification of these adults as most of them are marginally overweight or obese. Likewise, adults with a higher weekly or daily consumption would be affected more than those whose consumption is lower. In contrast, an increase in weight was found in the study by Powell, et al. [23] and a modest reduction in weight in the study by Fletcher, et al. [48] , but each of these studies raises questions. The positive association between taxes and body weight that Powell, et al. [23] presented, may be related to the analysis focusing on specific taxes, i.e., a vending machine soda tax rate that appeared associated with a 0.011 kg/m2 increase in BMI. Such taxes may not be effective as people may purchase their SSBs via other outlets. Moreover, existing high levels of obesity should have prompted the imposition of taxes on all SSBs rather than on specific vending machine outlets. Fletcher et al. [48] provide some evidence that such a tax may reduce the weight among adolescents at risk of overweight, while there is no observed effect on those with normal weight. One study [48] notes that the impact may be minimal because of substitution with fruit juice and milk. The calories in these beverages could reduce the effect of price increases on SSBs; juice consumption as been associated with weight gain [53] . Even so, a switch to milk and fruit juice would still come with a health gain as these drinks contain calcium and vitamins.
Overall this review suggests that taxing SSBs may benefit health. Potential models for taxing SSBs can be drawn from the tobacco and alcohol excise tax experience. Because SSBs do not provide any nutritional value, and when consumed in excess can be harmful, it seems appropriate to consider a similar approach. This would mean that the tax is levied as a "specific tax" for example an "excise tax", such as a sum per gram of added sugar, raising the net-of-tax price [45] . There are two important reasons for considering a tax on sugar content: Firstly, it would avoid substitution in favour of other products with high sugar content [45] and secondly, it might provide an incentive for industry to reduce the sugar content of SSBs. In contrast, if the tax is an "ad valorem" tax, the specific value of the tax will be based on the cost of the productthus permitting a company to reduce the pre-tax price of their product, hence lowering the tax level and undermining its health impacts (albeit at the expense of profits). SSB price has been shown to have a dose-response relationship with consumption, with higher taxes resulting in greater reduction in SSB calories [45, 58, 59 ]. This consumption effect may be mitigated by consumers substituting products such as milk or fruit juice. An alternative option would be to tax all sugar when it leaves the factory or enters a country, using the argument that such a tax may be easier to implement and that sugar consumption in general is higher than is good for health [60] . Chriqui et al. [60] give a useful overview of SSB taxes applied in jurisdictions around the world.
Taxes generate revenue. For example, in the USA, soft drink revenue is approximately $70 billion per year, so a modest tax would generate billions of dollars [48] . The revenue from an excise tax could be used to support a variety of obesity reduction programmes, school nutrition programmes, or to finance a Health Promotion Foundation [61] that could advocate for healthy eating including further reductions in the consumption of SSBs. A tax might also be used to subsidise alternative healthy drinks to reduce their price and thus encourage consumption [62, 63] . In areas where people drink SSBs because they do not have access to clean water, ensuring universal access to clean, piped water should be a priority.
One argument against the imposition of an excise tax alone is that it is regressive [12, 49, 64] . Lower-income households tend to spend a greater portion of their income on consumable goods than higher-income households. Relative to income, a SSB tax would therefore affect low-income people more than high-income people. However, low income households, as a group, are also likely to reap greater benefit. To the extent that low-income individuals are more price sensitive, they will be more likely to cut back on the intake of taxed SSBs, often from a higher consumption level and with a higher BMI, and thus experience greater health gain [64] . This gives ground to consider a simultaneous subsidy of healthy foods such as fruit and vegetables. In the past, those most susceptible to obesity and cardiovascular diseases were among the wealthier in the population but this is no longer the case. Low income earners are now a population with high consumption of unhealthy obesogenic food [65, 66] . Also in many LMICs, the prevalence of obesity is growing more rapidly in low socioeconomic groups [67] . Upcoming research should estimate price elasticities in low-and middle-income countries and identify potential health gains from taxes combined with subsidies of healthy food.
As far as we know, this is the first global overview of the effect of SSB price on consumption and body weight and, in the absence of good quality local evidence, may inform policy decisions worldwide. The limitations are twofold. First, in LMICs, consumption patterns and price sensitivities may differ from HIC (although the evidence from Mexico and Brazil does not support this). Secondly, the data included in the meta-analysis are from heterogeneous populations with various data sources involving households, individuals (adults, adolescents and children) as well as a diverse range of food stores and vending machine outlets.
Conclusions
An increase in price of SSBs is associated with a decrease in consumption; and the higher the price increase, the greater the reduction in consumption. Also, as the price of SSBs rises, the consumption of fruit juices and whole milk tends to increase and the consumption of diet drinks decreases. The alternative beverages are most likely better for health than SSBs. The few available studies suggest that higher prices of SSBs may lead to modest reductions in weight in the population. This evidence and the link between obesity and SSBs and its health outcomes should be sufficient for policy makers to consider SSB taxation as part of a package of intervention designed to reduce the health and economic burden due to obesity. Future research should address the consequences of a tax on SSBs, including the health gains, population affected and the impact on the macroeconomic environment including jobs, monetary savings to the health sector, implementation costs and revenue generated for the government [68] . Full cost-effectiveness studies would provide stronger evidence and allow policy makers to weigh these factors. To enhance relevance for any particular jurisdiction, such studies should use data specific to the countries or sub-regions, and be undertaken with sound understanding of contextspecific policies, history and socio-cultural preferences.
